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General information 2. 1,2-addition of Grignard reagents
Standard procedure for asymmetric catalytic 1,2-addition of Grignard reagents to enones. 1 A Schlenk flask equipped with septum and stirring bar was charged with CuBr·SMe 2 (0.015 mmol, mg, 5 mol%) and ligand L1 (0.018 mmol, 6 mol%). Dry tBuOMe (3 mL) was added and the solution was stirred under nitrogen for 30 min. Then, the corresponding enone 1 (0.3 mmol in 1 mL tBuOMe) was added and the resulting solution was cooled to -78 °C. In a separate Schlenk, the corresponding Grignard reagent 2 (0.36 mmol, 1.2 equiv.) was diluted with tBuOMe (combined volume of 1 mL) under nitrogen and added dropwise to the reaction mixture over 3 h using a syringe pump. Once the addition was complete, the reaction mixture was monitored by TLC and GC-MS. The reaction was quenched by the addition of MeOH (1 mL) and saturated aqueous NH 4 Cl (2 mL) and the mixture was warmed to rt, diluted with Et 2 O and the layers were separated. The aqueous layer was extracted with Et 2 O (3 x 5 mL) and the combined organic layers were dried with anhydrous Na 2 SO 4 , filtered and the solvent was evaporated in vacuo. The crude product was purified by flash chromatography on silica gel using mixtures of n-pentane and Et 2 O as the eluent. The enantiomeric ratio was determined by chiral HPLC analysis, Chiralcel AD-H column, n-heptane i-PrOH 99 : 1, 40 °C, detection at 240 nm, retention times (min): 22.6 and 23.7.
Procedure for 1,2-addition of Grignard reagents to enones catalysed by a CuBr complex of scalemic rev-JosiPhos-L1:
Catalysts of varying enantiopurities (100, 80, 60, 40, 20 or 0% ee) were obtained by mixing the requisite ratios of equimolar stock solutions of the CuBr complexes of both enantiomers of rev-JosiPhos-L1 in CH 2 Cl 2 . After stirring for 1 h, the solvent was removed in vacuo followed by addition of tBuOMe and stirring at rt for 5 h. The resulting suspension was centrifuged to provide a precipitate and a supernatant. 2 The supernatant was separated, evaporated, and the resulting residue was used to catalyze the 1,2-addition reaction of Grignard reagent 2 to enone 1. We found that the enantioselectivity of the reactions catalyzed by 5 mol% of the supernatant of complexes with 80, 60, 40 and 20% ee was very similar to the results obtained with the enantiopure catalyst (5 mol% rev-JosiPhos-L1, 5 mol% of CuBr·SMe2 in 3 ml of tBuOMe). When the supernatant/precipitate mixture was used in entirety as catalyst for the 1,2-addition, the reaction was found to proceed with somewhat lower ee but longer reaction time (48 h) and vigorous stirring was required due to the presence of a significant amount of the precipitate. 
CuBr complex of Rev-JosiPhos-L1

Procedure for preparing CuBr complex of enantiopure rev-JosiPhos-L1
A solution of (S,R)-rev-JosiPhos-L1 (0.006 mmol) and CuBr·SMe2 (0.006 mmol) in tBuOMe (1.3 ml) in a Schlenk tube was stirred at rt for 1 h. The solvent was removed under vacuum and the resulting orange crude residue was washed with cold pentane to afford enantiopure CuBrcomplex as an orange powder. 
Procedure for preparing CuBr complex of racemic rev-JosPhos-L1
Method A
Equimolar solutions of both enantiomers of CuBr complex of rev-JosiPhos-L1 were prepared by mixing CuBr·SMe2 (0.006 mmol) with enantiopure ligand (0.006 mmol) in 1.3 ml of a solvent (CH 2 Cl 2 or tBuOMe) in a Schlenk tube and stirring at rt for 1h. Corresponding solutions were mixed together, stirred for additional hour to form the racemic complex. The precipitate was formed within that period. The solvent was removed under vacuum and the resulting crude residue was washed with cold pentane and dried to afford racemic CuBr complex of rev-JosiPhos-L1.
Method B
To a solution of (S,R)-rev-JosiPhos-L1 (0.006 mmol) in 2.6 ml of CH 2 Cl 2 (R,S)-rev-JosiPhos-L1 (0.006 mmol) was added, followed by addition of CuBr·SMe2 (0.0125 mmol). The resulting solution was stirred at rt for 1 h. The precipitate formed within that period. The solvent was removed under vacuum and the resulting orange crude residue was washed with cold pentane to afford CuBr-complex of racemic rev-JosiPhos-L1 as an orange powder. 
CuBr complex (S,R)-(R,S) rev-JosiPhos
Precipitation studies
Solutions of CuBr complexes of rev-JosiPhos-L1 (0.015 M) of varying enantiopurities (100, 70, 50, 20 and 0% ee) were obtained in tBuOMe using method A or B with stirring continuing for 12 h. Centrifugation of these solutions resulted in a precipitate and supernatant (an exception was the solution with 100% ee, which did not have any precipitate). The precipitate that starts forming after 20 min was not analyzed further due to low solubility. However the weight of the precipitate, in each case, was found to be approximately equivalent to twice the weight of the limiting enantiomer of the complex. Specific optical rotations and CD spectra obtained from the supernatants closely matched those from the enantiopure catalyst (Table S2 and Figure S1 ). 
Isolation of rev-JosiPhos -L1 from supernatant of Cu-complex with 20% ee
The supernatant of CuBr complex of rev-Josiphos-L1 obtained in tBuOMe was evaporated and solubilized in CH 2 Cl 2 (0.005 M) followed by addition of 20 equiv of ethylenediamine at 0 o C. The resulting solution was stirred for 1 h at the same temperature. The reaction progress was followed by TLC (pentane /ethyl acetate). Purification by column chromatography (pentane /ethyl acetate) afforded the free ligand in 76% yield. 
CuBr complex of JosiPhos-L2
Procedure for preparing CuBr complex of enantiopure JosiPhos-L2
A solution of (R,S)-JosiPhos-L2 (0.006 mmol) and CuBr·SMe2 (0.006 mmol) in tBuOMe (1.3 ml) in a Schlenk tube was stirred at rt for 30 min. The solvent was removed under vacuum and the resulting orange crude residue was washed with cold pentane to afford enantiopure CuBrcomplex as an orange powder. 
Procedure for preparing CuBr complex of racemic JosiPhos-L2
Method A
Equimolar solutions of both enantiomers of the CuBr complex of JosiPhos-L2 were prepared by mixing CuBr·SMe2 (0.006 mmol) with enantiopure ligand (0.006 mmol) in 1.3 ml of a solvent (tBuOMe or CH 2 Cl 2 ) in a Schlenk tube and stirring at rt for 1 h. The corresponding solutions were mixed together, stirred for an additional hour to form the racemic complex (precipitate was formed when tBuOMe was used as a solvent). The solvent was removed under vacuum and the resulting crude residue was washed with cold pentane and dried to afford racemic CuBr complex of JosiPhos-L2.
Method B
(R,S)-JosiPhos-L2 (0.006 mmol) was added to a solution of (S,R)-JosiPhos-L2 (0.006 mmol) in 2.6 ml of CH 2 Cl 2 followed by addition of CuBr·SMe2 (0.012 mmol). The resulting solution was stirred at rt for 1 h. No precipitate formed in this case. The solvent was removed under vacuum and the resulting orange crude residue was washed with cold pentane to afford CuBr-complex of racemic rev-JosiPhos-L2 as an orange powder. 
CuBr complex (S,R)-(R,S)-JosiPhos-L2 racemate
Precipitation studies
CuBr complexes of JosiPhos-L2 (0.015 M) of varying enantiopurities (100, 70, 50, 20 and 0% ee) were obtained in tBuOMe using either method A or B with stirring continuing for 12h (precipitate started to form after 5 h). Centrifugation of these solutions resulted in a precipitate and supernatant (an exception was solution with 100% ee, which did not have any precipitate). 3 The weight of the tBuOMe precipitate, in each case, was found to be approximately equivalent to twice the weight of the limiting enantiomer of the complex. Specific optical rotations and CD spectra (Table S3 and Figure S2 ) obtained from the supernatants closely matched those from the enantiopure catalyst except for the sample with 20% ee (Table S3 , entry 2). Lower CD and rotation values obtained for samples with 20% ee can be attributed to the presence of tiny particles of the racemate in the supernatant which scatters the light. Therefore several cycles of centrifugation and precipitate removal were required (entry 1). 
Method C
To circumvent this problem we applied different approach. We prepared enantioenriched complexes (70, 50 and 20% ee) in CH 2 Cl 2 using method B. After stirring for 2 h (no precipitation was observed) CH 2 Cl 2 was evaporated to dryness. tBuOMe was added (0.025 M) followed by stirring at rt for 48 h. Centrifugation of these solutions resulted in a precipitate and a supernatant. CD spectra obtained from the supernatants closely matched those from the enantiopure catalyst ( Figure S3 ). 
Isolation of JosiPhos -L2 from supernatant of Cu-complex with 50% and 20% ee
Enantioenriched complexes (50 and 20% ee ) were prepared using method A and C respectively. The supernatant of the CuBr complex of Josiphos-L2 obtained in tBuOMe was evaporated and solubilized in CH 2 Cl 2 (0.005 M) followed by addition of 20 equiv of ethylenediamine at 0 o C. The resulting solution was stirred for 1 h at the same temperature. The reaction progress was followed by TLC (pentane /ethyl acetate, 9/1). Purification by column chromatography (pentane /ethyl acetate 9/1) afforded the free ligand (for yields see below). CD spectra of the ligand obtained from the copper complex with initial ee of 20% are shown in Figure S4 . 
CuBr complex of racemic JosiPhos-L2
A saturated solution of racemic complex of Josiphos-L2 was prepared in tBuOMe (15 ml). The resulting heterogeneous mixture was stirred for 24 h at rt followed by centrifugation. The supernatant (15ml) was evaporated and 1 ml of CD 2 Cl 2 was added to the residue. The 1 H and 31 P NMR analysis of the solution did not show any traces of the copper complex.
CuBr complex of enantiopure JosiPhos-L2
A saturated solution of the enantiopure complex of JosiPhos-L2 was prepared in tBuOMe. The resulting heterogeneous solution was stirred for 24 h at rt followed by centrifugation. Two samples of 50 µl and 100 µl of supernatant solution were transferred in an Eppendorf, evaporated and dried under vacuum overnight, followed by weight determination.
100 µl sample → 7.1 mg 50 µl sample → 3.4 mg Therefore the solubility of enantiopure the complex is 70 mg/ml and for the racemic complex less than 1 mg/15 ml (0.07 mg/ml).
CuBr complex of TaniaPhos-L3
Procedure for preparing CuBr complex of TaniaPhos-L3
Enantiopure, racemic and enantioenriched complexes of TaniaPhos-L3 were prepared following the same procedures as described earlier for JosiPhos-L2. 
Precipitation studies
CuBr complexes of TaniaPhos-L3 (0.015 M) of varying enantiopurities (100, 70, 50, 20 and 0% ee) were obtained in tBuOMe using method B with continuous stirring for 12 h. Centrifugation of these solutions resulted in a precipitate and supernatant (an exception was the solution with 100% ee, which did not have any precipitate). 3 The weight of the tBuOMe precipitate, in each case, was found to be approximately equivalent to twice the weight of the limiting enantiomer of the complex. Specific optical rotations and CD spectra (Table S4 and Figure S5 ) obtained from the supernatants were slightly lower than those obtained for the enantiopure complex. The lower CD and rotation values obtained for the samples can be attributed to the presence of tiny particles of the racemate in the supernatant solution which scatters the light. 
Isolation of TaniaPhos -L3 from supernatant of Cu-complex with 20% ee
An enantioenriched complex (20% ee) was prepared in tBuOMe using method B. The supernatant of CuBr complex of TaniaPhos-L3 obtained in tBuOMe was evaporated and solubilized in CH 2 Cl 2 (0.005 M) followed by addition of 20 equiv of ethylenediamine at 0 o C. The resulting solution was stirred for 1 h at the same temperature and left to stir overnight at RT. The reaction progress was followed by TLC (pentane /ethyl acetate; 9/1). Purification by column chromatography (pentane /ethyl acetate) afforded the free ligand with 99% yield.
Supernatant of complex with 20% ee:
[α] D 20a = +120 (c = 1.25 x 10 -3 g/ml in tBuOMe)
CuBr-TaniaPhos-L3 with 100% ee [α] D 20a = +155 (c= 2.6 x 10 -3 g/ml in tBuOMe)
Free ligand from sample with 20% ee [α] D 20a = +246 (c = 2.5 x 10 -3 g/ml in CH 2 Cl 2 )
TaniaPhos-L3 with 100% ee [α] D 20a = +267 (c = 3.6 x 10 -3 g/ml in CH 2 Cl 2 )
Determination of the solubility for racemic and enantiopure Cu-complexes of TaniaPhos-L3 in tBuOMe at rt.
CuBr complex of racemic TaniaPhos-L3
A saturated solution of racemic complex of TaniaPhos-L3 was prepared in tBuOMe. The resulting heterogeneous mixture was stirred for 24 h at rt followed by centrifugation. Three samples of 100 µl of supernatant solution were transferred to an Eppendorf and dried under vacuum overnight, followed by weight determination. Therefore the solubility of enantiopure the complex is 5.3 mg/ml and for the racemic 2.2 mg/ml.
CuBr complex of WalPhos-L4
Procedure for preparing CuBr complex of WalPhos-L4
Enantiopure and racemic complexes of WalPhos-L4 were prepared in CH 2 Cl 2 following the same procedures as described earlier for JosiPhos-L2. 
Precipitation studies
CuBr complexes of WalPhos-L4 (0.015 M) of varying enantiopurities (100, 70, 50, 20 and 0% ee) were obtained in tBuOMe using method B with continuous stirring for 12 h. Interestingly in this case the phenomenon was different: the complex of enantiopure WalPhos-L4 precipitated out from tBuOMe solution while the complex of racemic WalPhos-L4 was completely soluble in tBuOMe. Centrifugation of the heterogeneous solutions resulted in a precipitate and a supernatant. Specific optical rotations and CD spectra (Table S5 and Figure S6 ) showed that in contrast to previous results the supernatants were composed of nearly racemic complex while the precipitate was enantioenriched. The optical rotation was measured in tBuOMe; b The optical rotation was measured in CH 2 Cl 2 . Figure S6 : a) CD spectra of tBuOMe precipitates measured in CH 2 Cl 2 ; b) UV spectra of precipitates measured in CH 2 Cl 2 ; c) CD spectra of supernatants in tBuOMe; b) UV spectra of the supernatants in tBuOMe. 
Isolation of WalPhos -L4 from supernatant of Cu-complex with 20% ee
Enantioenriched complex (20% ee ) was prepared in tBuOMe using method B. The precipitate of the CuBr complex of WalPhos-L4 obtained in tBuOMe was washed twice with the same solvent, dried and solubilized in CH 2 Cl 2 (0.005 M) followed by addition of 20 equiv of ethylenediamine at 0 o C. The resulting solution was stirred for 1h at the same temperature and left to stir overnight at rt. The reaction progress was followed by TLC (pentane /ethyl acetate; 9:1). Purification by column chromatography (pentane /ethyl acetate) afforded the free ligand with 80% yield.
CuBr complex of BINAP-L5
Precipitation studies Solution 1 (R) BINAP-L5 CuBr A solution of (R)-BINAP-L5 (0.035 mmol; 22 mg) and CuBr·SMe2 (0.035 mmol; 6.58 mg) in CH 2 Cl 2 (2.2 mL) in a Schlenk tube was stirred at rt for 1 h, the color of the solution changed from white to yellow.
Solution 2 (S) BINAP-L5 CuBr A solution of (S)-BINAP-L5 (0.0128 mmol; 8 mg) and CuBr·SMe2 (0.0128 mmol; 2.6 mg) in CH 2 Cl 2 (0.8 ml) in a Schlenk tube was stirred a rt for 1 h , the color of the solution changed from white to yellow.
CH 2 Cl 2 was used due to the low solubility of both the enantiopure and racemic CuBr complexes of BINAP-L5 in tBuOMe. From these standard solutions the corresponding enantioenriched and racemic mixtures (with a final of volume 1 ml) were prepared (50, 20, 70, 100% ee) followed by addition of 300 µl of tBuOMe to each mixture. All the solutions were mixed for 12 h and after 5h the precipitate started forming. Centrifugation of these solutions resulted in a precipitate and supernatant (an exception was solution with 100% ee, which did not have any precipitate). The precipitate was washed with tBuOMe (2x5 mL) and solubilised in a mixture of CH 3 CN and MeOH. 4 The specific optical rotations are presented in Table S6 . Although the phenomenon still persists (the precipitate is nearly racemic) the enantiopurity of the solution was not very high. The mixture of CH 2 Cl 2 /tBuOMe is probably not the optimal solvent mixture for the BINAP complex. The optical rotation was measured in CH 2 Cl 2 ; b The optical rotation was measured in a mixture of CH 3 CN/MeOH (5:1).
Determination of the solubility for racemic and enantiopure Cu-complexes of Binap-L5 in tBuOMe/ CH 2 Cl 2 at RT.
CuBr complex of racemic Binap-L5
A saturated solution of the racemic complex of Binap-L5 was prepared in a mixture of tBuOMe/CH 2 Cl 2 (3:1). The resulting heterogeneous mixture was stirred for 24 h under nitrogen at rt. Three samples of 100 μl of supernatant were transferred to an Eppendorf and dried under vacuum overnight, followed by weight determination. 
CuBr complex of enantiopure Binap-L5
A saturated solution of the enantiopure complex of Binap-L5 was prepared in a mixture of tBuOMe/CH 2 Cl 2 (3:1). The resulting heterogeneous mixture was stirred for 24 h under nitrogen at rt. Three samples of 100 μl of supernatant were transferred to an Eppendorf and dried under vacuum overnight, followed by weight determination. 100 μl sample 1 → 3.9 mg 100 μl sample 2 → 4.12 mg 100 μl sample 3 → 3.86 mg Therefore the solubility of enantiopure the complex is 40 mg/ml and for the racemic complex 10 mg/ml.
PdCl 2 complex of JosiPhos-L2
Procedure for preparing PdCl 2 complex of enantiopure (S,R)-JosiPhos-L2
A solution of (S,R)-JosiPhos-L2 ligand (0.006 mmol) and (C 6 H 5 CH 2 CN) 2 PdCl 2 (0.006 mmol) in CH 2 Cl 2 (2 ml) in a Schlenk tube was stirred at rt for 24 h . The solvent was removed under vacuum and the residue was washed with cold pentane to afford the Pd-complex as a red powder.
Procedure for preparing PdCl 2 complex of racemic-JosiPhos-L2
PdCl 2 -(S,R)-(R,S)-JosiPhos-L2 racemate was prepared by mixing the enantiomers (S,R)-L2 (0.006mmol), (R,S)-L2 (0.006 mmol) and (C 6 H 5 CH 2 CN) 2 PdCl 2 (0.012 mmol) in 5 ml of CH 2 Cl 2 in a Schlenk tube and stirring at rt for 24 h. The solvent was removed under vacuum and the residue was washed with cold pentane to afford the Pd-complex as a red powder. 
Precipitation studies
Solution 1 (S,R)-JosiPhos-L2 PdCl 2 -A solution of (S,R)-JosiPhos-L2 (0.034 mmol) and (C 6 H 5 CH 2 CN) 2 PdCl 2 (0.034 mmol) in tBuOMe (2.2 mL) and CH 2 Cl 2 (500 µl) in a Schlenk tube was stirred a rt for 24 h.
Solution 2 (R,S)-JosiPhos-L2 PdCl 2 -A solution of (R,S)-JosiPhos-L2 (0.012 mmol) and (C 6 H 5 CH 2 CN) 2 PdCl 2 (0.012 mmol) in tBuOMe (0.8 mL) and CH 2 Cl 2 (100 µl) in a Schlenk tube was stirred a rt for 24 h. CH 2 Cl 2 was added due to the low solubility of both the enantiopure and racemic Pd complexes of JosiPhos-L2 in pure tBuOMe. From these standard solutions, the corresponding enantioenriched and racemic mixtures (100, 50, 20, 0% ee) were prepared with a final volume of 1 ml. All the solutions were mixed for 12 h. Centrifugation of these solutions resulted in a precipitate and supernatant (an exception was the solution with 100% ee, which did not have any precipitate). The precipitate was washed with tBuOMe (2x5 mL) and solubilised in CH 2 Cl 2 . The specific optical rotations and CD spectra are presented in Table S7 and Figure S7 . Also for the Pd complex of JosiPhos-L2 we found a similar phenomenon. 
Pd complex of racemic JosiPhos-L2
A saturated solution of racemic complex of JosiPhos-L2 was prepared in a mixture of tBuOMe/CH 2 Cl 2 (8:1). The resulting heterogeneous mixture was stirred for 24 h at rt followed by centrifugation. Three samples of 100 µl of supernatant solution were transferred to an Eppendorf and dried under vacuum overnight, followed by weight determination. 
Pd complex of enantiopure JosiPhos-L2
A saturated solution of enantiopure complex of JosiPhos-L2 was prepared tBuOMe. The resulting heterogeneous solution was stirred for 24 h at rt followed by centrifugation. Three samples of 100 µl of supernatant solution were transferred to an Eppendorf and dried under vacuum overnight, followed by weight determination.
100 µl sample → 1.3 mg 100 µl sample → 0.88 mg 100 µl sample → 1.52 mg Therefore the solubility of enantiopure complex is 12 mg/ml and for the racemic complex 2.5 mg/ml.
PdCl 2 complex of TaniaPhos-L3
Procedure for preparing PdCl 2 complex of enantiopure (R,R)-TaniaPhos-L3
Enantiopure and racemic PdCl 2 complexes of TaniaPhos-L3 were prepared as described earlier for the corresponding PdCl 2 complexes of JosiPhos-L2 
Precipitation studies
Solution 1 (R,R)-TaniaPhos-L3-PdCl 2 -A solution of (R,R)-TaniaPhos-L3 (0.032 mmol) and (C 6 H 5 CH 2 CN) 2 PdCl 2 (0.032 mmol) in tBuOMe (2.2 mL) and CH 2 Cl 2 (600 µl) in a Schlenk tube was stirred a rt for 24 h.
Solution 2 (S,S)-TaniaPhos-L3-PdCl 2 -A solution of (S,S)-TaniaPhos-L3 (0.012 mmol) and (C 6 H 5 CH 2 CN) 2 PdCl 2 (0.012 mmol) in tBuOMe (0.8 mL) and CH 2 Cl 2 (300 µl) in a Schlenk tube was stirred a rt for 24 h. CH 2 Cl 2 was added due to the low solubility of both the enantiopure and racemic Pd complexes of TaniaPhos-L3 in pure tBuOMe. From these standard solutions the corresponding enantioenriched and racemic mixtures (100, 50, 70, 20, 0% ee) were prepared with a final volume of 1 ml. All the solutions were mixed for 12 h. Centrifugation of these solutions resulted in a precipitate and a supernatant (an exception was solution with 100% ee, which did not have any precipitate). The precipitate was washed with tBuOMe (2x5 mL) and solubilised in CH 2 Cl 2 . The specific optical rotations are presented in Table S8 . 100% ee -148 3.9*10 -3 --a The optical rotation was measured in tBuOMe;. b The optical rotation was measured in CH 2 Cl 2 ; c The precipitate was washed with tBuOMe (2x5 ml) and dried before preparing CH 2 Cl 2 solution.
